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1. INTRODUCTION

The International Atomic Energy Agency, in collaboration

with the us Support Program (POTAS), has developed and con-

ducted a training exercise simulating a physical inventory ver-

ification (PIV) at a highly enriched uranium (HEU) fabrication

facility. This exercise is part of a series sponsored by the

POTAS program, including PIVS at light-water reactors and

pluLonium fabrication facilities.[1,2] The first HEU exercise

tcmk place in September 1985 at Los Alamos National Laboratory

and a second is scheduled for Spring, 1987 at JRC, ISPRA.

The main objectives of these exercises are:

1, to provide the opportunity for inspectors to test and

evaluate the use of nondastructivm assay (NDA) equip-

ment and computer software under conditions similar to

those found during actual inspections;

2. to use the data gerwrated to evaluate different in-

spection procedures and strategies; and

3, to exchange ideas on PIV procedures bmtween the three

operations divinlons.

Because the exercises are conducted in a neutral environnwt,

fr?e OE the time pressure oEt@n found in actual inspections, it

is possiblm for the inspectors to achieve the course objectives.

7. . FACILITY DESCRIPTION

The participants performed vnriEication activities cm an

lnbwntory OE IIW.Jmatnrials that ara r~prf)s(Jntative OE tho:Ie

found in MKUfuwl E~brication facilitl~s. The sim~la~ facll-...—

lty, dwlflrlat+wl a~ LA-HWJ, I.td., was desiqnavl to manuEact~rn
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1. WV? fuel elements and plates,

2. Trigs-type (AcRR) ~l~mentsl

3. Nickel-coated UraniUM metal disks, and

4. lJranl~-carb~cJe beads,

To produce these product items, the facility received the

following input materials:

1. Uranium metal buttons,

2. UF6 cylinders (5A size), and

3. U02 pwder.

At the time of the PIV, the following intermediate process

m~terials were in the facility:

1. U308 pcMers,

2. “U mixed with carbon” scrap, and

3. Uranium-aluminum alloys in the form of “billets.”

3. SUMMARY OF ACTIVITIES

For the first exercise, ●ight inspectors tepresentlng all

three operations divisions divided Into two teams of four, with

each team Independently verifying the simulated physical inven-

tory using NDAequipment in routine use by the Agsncy. A ninth

Ir.specteractmd as coordinator between the two teams. A Los

Alanms staff member played the roln OE facility oparator. A

summary cl?the nuc”learmatsrlal lnv?ntory and NDAmethods used

during the exflrclse1s prasented in Table I. Table 11 lists ths

NDA equiprn?ntavailable to the inspectors.

The exercise entaiied three training phases. The first

phase cov!!rwiln~trum~nt calibration, normalization, and walu-

IIti(mm The second phase covered stratification, sampling plan,

rdn(lumnelection of ltcm~ and NDA measurcmnnt, and reviewing

inventory verification prncndUres. The ftflal phdne
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TABLE I

PHYSICAL IWENTORY SUMMARY
AND NDAMEASUREMENT METHODS

Total
Uranium Measurements

Material Cdteqory No. Items (q) Performeda

Metal disks

Metal buttons

UF6 cyllnders

U02 powders

U AL billets

U308 powder

Scrap powder

MTR fuel elements

MTR fuel plates

ACRR fuel elements

U C beads

7

6

3

6

12G

14

28

40

275

65

14

15 000

11 800

44 000

17 000

9 100

12 000

9 500

9 400

3 600

9 600

25 300

AN, UT, ENR

AN, UT, ENR

UT, ENR

AN, UT, ENR

AN, UT

AN, UT, EMR

AN, UT

AN, UT, GA?WA

AN, UT, GAMIA

AN

AN, UT, ENR

a
AN - Active nautron Coincidence counting; UT - Weigtlt;
ENR - Enrichment; GAMMA - Gamma-ray measurement (total 235U)

TABLE 11

AVAILABLEEQUIPMENT FOR EXERCISE

Instrument

AWCC - Active Well Coincidence Counter

~fl~N- Portable MCA with NaI Detector
.

PMCG - Portable MCA with Oe Detector

IJLTG Ultrasonic thickness gauqe

13alancn,fl-10kg

Baldnce, 0-50 kg

URAM [UF6 receipts assay mOnltOr (URAM)

dr!sl~Jnedfor UF6 cylinder measur~ment

W(19 considered as operlitorm~asurement

:;y:;tvmfor this exercl:je]

No. Auallable

2

2

2

2

1

1

1

,.,,-1



included evaluation of veri~ication results and drawing conclu-

sions. The exercise lasted eight working days. Days 1 and 2

included reviewing the operdtion OE all the instruments and

performing selected calibration checks. At the end OE the

second day, edch team was given an item inventory listing, which

they used to stratify the inventory and select the Items Eor

verification measurements. The next four days were spent making

measurements. On day 7 the data were analyzed for operator-

inspector differences and the uncertainties of the differences.

Using Agency criteria for definition of outliers, they identi-

fied anomalies for later discussion with the facility operator.

When the analyses were complete, the information was transferred

to an inspection report form. The eighth and final day was

spent In dlsiussln~ discrepancies witt the operator, reviewing

the exercise among the participants, and drafting a summary

report.

All of the activities were described in a manual, which

was reviewed by all the

specific NDA procedures

. Procedures and

sampling plan,

. Procedures and

participants. It includes the following

and working papers:

working papers for stratification,

and random selection of items.

working papgrs for use of AUCC for

quantitative verification of materials contain’,ng

U02, u302f U/C beads, etc.

● Procedures and working papers Eor use of PMCNfor

~nrichment verification of different material types.

● Pro~:l!~lures,~ndworking papers For use of EJMCaand ULTG

fur (!nrlchmentmeasurement of ;!F6cylinaers.
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● :ocedures and working papers for use Of pMCN for

quantitative verification of MTR fuel elements and

plates.

. Procedures and working papers for use of UF6 Receipt

Assay ?lonitor“URAM”and Authentication.

● Procedures md working papers for combining enrichment

and weighing to conclude quantitative verification.

● Procedures and working p?pers for reporting quanti-

tative verification carrying out D-statistics and

preparing statement on operator-inspector differences.

3. PHASE I - INSTRUMENT CALIBRATION, NORFIALIZATION,AND

EVALUATION

The equipment had been calibrated before the exercise by

LANL staff. The purpose of Phase I was to inform the IAEA staff

of how the calibrations were performed. Each team repeated a

small number of calibration measurements and compared them to

the stated values.

3.1 Active Well coincidence Counter (AWCC)

This versatile tJDAlnstrument[3] works by inducing fissions

in the
235

U contained in a sample and counting the resultant

fission coincidence ne~!trons. The fissions are induced by an

(a,n) source (AmLi) with the coincidence neutrons being sepa-

rated Ercm (a,n) neutrons by the counting electronics.

Because of the wide variety of samples encountered in this

PIV, the AUCC was reconfigured in four different geometries as

described in Table 111. It was important the verification

0057C 5



Mode 2

Horizontal

TABLE 111

Confiqur,ition Items Measured Geometry Description

F!odf? 1 Metal disks, U30fj cans, 23 cm hl~il x 14 cm
Metal button dlam counting

chamber

Mode l-thermal U AL billets 23 cm high x 14 cm
dlam counting
chamber with cd
absorber removed

U02 in 2-L plastic Expanded counting
bottles chamber 35 cm high
UC beads in 2-L plastic
bottles

M’TRfuel elements and Turned on its side
plates, ACRRfuel elements with special

adapter insert

measurement used the calibration equation for the matching

qeometry and material type.

The form of the calibration equation varied with material

type. The oxides,

quadratic equation
alM

ao(l -e ). All

programmed into an

metals, and carbide beads were fit to a

while the tITRfuel elements required a form,

the AWCC calibration equations were

HP135which collected and analyzed the data.

2. Portable MCAwith NaI Detector - PMCN

This equipment was used for two purposes, enrichment meas-
235

urements and total U determination for MTR materials.

The PMCN measured the enrichment of the metals, oxides,

and carbide beads. In principle, one calibration should apply

to all material types for a fixed detector vlewlng angle,

providing correction for the differences in chemical form 1s

applied.[4] This correction is 1-3% fnr the above materials.

However, another complication arose because the items were

stored in containers with diEfering wall attenuations. In some

cdses, it was dlfflcult to determine the exact correction.

O05”1C 6



This introduced 3 systematic uncertainty on the order of 2% far

U02 powders and IJCbeads.

A second use of the PMCNwas to measure the
235

U content

OE MTR fuel elements and plates. The 185.7-keV gamma rays were

measured in a well-controlled gecnnetry. Corrections for effects

due to attenuat:~i~, geometry, and scattering were calculated

using the procedure described in STR-146.[4] These corrections
235

were applied to the data and the U mass was calculated.

As an extension of this approach, the transmission through the

element was measured and used to determine total uranium.

3,3 Portable WA with a High-Resolution Germanium

Detector - PMCG

The portable WA with high-resolution Germanium detector

(PMCG) was used with an ultrasonic thickness gauge to measure

the percent enrichment of UF6 cylinders. The cylinder wall

thickness at the gamma-ray measurement point was measured with

the thickness gauge. A gamma spectrum was acquired using PHCG

equipment with the specialized software developed at Los

Alamos.[5] The software was contained in PROMS, which were in-

stalled +n MPU board in the IICA. The program set MCA param-

eters for the measurement, pranpted the users through measure-

ment steps and calculated the results. The correction for wall

thickness was also applied to the measurement response to obtain

the measured enrichment.

4. PHASE 11 - PIV ACTIVITIES

Because “LA-HEU, Ltd.” Is a simulated facility, certain

assumptions had to be made that would not pertain to an actual

PIV. These assumptions were:
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1. The records and reports were correct and did not have

to be audited,

2. The item check in the vault had already been done and

that with seals the continuity of knowledge was main-

tained, and

3. That no “bias defect” measurements were needed.

Table IV lists the KMPs for the facility. The stratifi-

cation and samrl*ing plan is presented in Table V. In deter-

mining the number of samples, the detection goal quantity was

set at 5 kg uranium.

TABLE IV

FACILITY KHP CHART

Facility Code: LAHU

IK?IP

A

B

c

D

E

F

G’

Em
1

2

3

4

HBA: LAHU

Input store, metal buttons

Input store, UF6

Input store, powder

Process

Output store, MTR

Output store, U/C beads

Output store, metal disks

Receipt

Shipment

Measured discards, waste, etc.

SRD

0057C



Stratum

1

2

3

J

5

6

7

8

9

10

11

12

13

~

D

G

A

D

c

F

F

B

B

D

E

E

E

TA13LE

STRATIFICATION AiJD

a
NA - No. of samples
b

NV - No. of samples

Material
DeSCr~RtlOKI

‘3°8
Metal disks

Metal buttons

u AL billets

Uo
2

Uc <1000 g

Uc >1000 g

UF6 >6000 g

UF6 <6000 g

Scrap

MTR elements

MTRplates

ACRR elements

v

SAMPLING PLAN

Total
Items

14

7

6

120

6

9

5

2

2

2d

40

275

~

579

Eor a:trlbute verlflcetion.

for variables verification.

5. VERIFICATION MEASUREMENTS

During d PIV, the Agerlcy

verify both the total uranium

tory. For this PIV exercise,

a
y

5

5

4

5
s

3

5

2

2

5

5

2

j2_

50

Nvb

1

1

1

1

1

1

1

2

1

1

1

1

is required, If possible, to
235

and the U mass in the inven-

the two inspection teams verified

235
For example, U mass

10 an AWCC which

2. An Agency net

ment timeb an

13

most of the strata using two different measurement approaches.

was veriEled by:

235gives grams U directly and/or

weight times an Agency measured enrich-

operator decl~red uranium concentration,“

n



In a similar way, total uranium was determined by:

235
1. an AWCC measurement of U divid~ ‘ an Ageilcy

measured enrichment and/or

2. an Agency net weight times an operator declared

uranium concentration.

Exceptions to these approaches w~re MTF!plates/elements and the

UF6 cylinders. The MTR plates and elements were measured

direcr.lyusing dir~ct gamma-ray counting for
235

U and gamma-
235

ray Lran:jmissionEor I,otaluranium. The U contained in the

UF6 cylindars was measured In an operator instrument (URAJ4)

and !n turn, the URA?4results were authenticated by net weight

t~mes enrichment t.tmesconcentration values.

In all, approximately 60 Items were verified independently

by both teams using a cc+nblnationof AWCC, gmma-ray enrichment

measurernmts and weight. Table VI presents typical measurements

Eor U02 powders in 2-L plastic bottles.

6* PHASE 111 --EVALUATION OF RESULTS ANDCONCLUSIONS

The lnrllvidualverlflcatlon results, such as are presented

in Table VI, wern examined for outlters. The’criterion for an

outller was taken at four tlm~s the combirled uncertainties of

operator anrlinspector measurement errors. NirleOUtllf?rS Wers

der,ecl:ed. In each case, the operator daclar~d value was found

1,0 be wrong. Table VII llst.sthese rllscrepancles. The “opera-

tor” corrected the physical lnv~ntory llstlng,

A~l,cr f.he oul.llers had been rosolvnri,tho individual re-

!jlll I.S were combtr)ed for riach,~t,rar.urnand an Operator-inspector

dl[ferenco (Dl) was determined. The sl:anrlarrldeviation about

the ~veragl!strtttumdiEfererlcewas taken as a measure OE the

ralldflmIlncert.alnlyIn 1)1, Table VIII shows the results for
235

U Ii.%lng Ihe AWC(: (and thft URAM Eor UF6 cylinders).

Simil~r tables were gnn~rated for tha vnrlchmant plus weight

and concentr~tlon method and Eor tutnl ur~nlurn.

0057C 1(I



TABLE VI

AWCCMISqWREHENT0? 002 ~CR

CAL 1330 C 3 x 300 0572.70 202.06 3.35 1492.49 1495.00 2.51 36.70 0,17
CAL 1351 C 3 x 300 9016.01 323.43 3.55 2@32,03 2730.00 -102.03 64.62 -3.7
CRL 1351 B 3 1 300 6982.94 330.10 3.54 2907.30 2774.00 -133.30 69.99 -4.6
CRL 1351 A 3 I 300 6913.70 330.11 3.52 2906.56 2066.00 -40.56 65,88 -1.4
CRL 1350 A 3 x 300 8961.13 310.40 3.54 3415.00 3420.00 5.00 15.42 0.15

Callbratlm ●quatim:

. -4 2 -0 3
R “ 0“’609 ’235 - ‘0”3626 ‘ 10 ) %35 + ‘0”5192 x 10 ) ’235

0057C 11



Item

UF6 cylinder

UC beads

lJCbeads

UC beads

[J308powder

U308 powder

U308 powder

U30B powder

U Al billet.

TABLE VII

OPERATGR-INSPECTORDISCREPANCIES
FOUNDBY IAEA VERIFICATION MEASUREMENTS

Material

Metal btlttons

Met,aldisk:

[102

IJO
.J8
lJC< 1000 g

Uc > 1000 g

[JF
6

II Al, bi]lel.u

MTR plate!~

MTR elumml.f~

A(X7R elomt=nl.:;

!;crap

Declared Value

10 684 g
235U

3 791 g
235U

700 g
235”

0.684 g U/g sample

9-1.67% enr~chment

9’1.67% enrichment

97.67% enrichment

97.67% enrichment

137 g 235(J

Actual
Va 1ue

Og

50 g

3 791 g

0.545

11.8

13.3

17.3

13.9

96.0

TABLE VIII

STRATATOTALS (AWCCMEASUREMENTS)

ToLa1235U (q).—

11 Ooil

14 000

16 500

3 700

6 000

17 900

24 300

8 500

3 :j(lo

R F)(N)

3 380

..3 -~m

126 280

Team A

O-T (g) ~c.~

-390 t 21.9

-110 t 15CI

-322 f 371

-249 ? 226

54 t 128

~4 t 591

-44 t ] ~(1(]

2’16 ! 2FIR

283 + 2f)8

“292 + 364

5G5 t 221

..!jZ3_...- t 95

~2(JO t. 1603

Team B .—

0-1 (q) L“-

143

151

3f)5

144

21i

525

1284

396

34

124

“12

263------ .

1‘)’)8
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enrichment plus weight and concentration method and for total

uranium.

7. CONCLUSIONS

1. The operator-inspector difference DI and the associated
235

uncertainties u(Di) for U content for each

stratum were established Eor all material t~fpes. For

material types where the total uranium ccnterlt could

be independently verified, similarly, D-statistics

were also performed.

2. The strata were verified by (1)

with enrichment measurement and

and enrichment measurement. In

AWCCand/or combined

(2) combined weighing

the case where an

operator’s declaration on the uranium concentration

17actor can be assumeu as verified, the combination of

weighing and enrichment measurement resulted in a
235quant,itstiveStalement on U and Utotal content,

and the results of D-statistics are comparable with

the use of AWCCcombined with enrichment.

3, It was shown that the results of AWCC,which ~~easures

“I)(!
235

U conteilt of material can be considered suf-

ficient for quantitati.~e verification of most material

types including MTR type fuel elements, scrap, and

billets. For material on which an enrlchfitent measure-

ment can be performed, thn oFerator declarations of

u content were also Independently verified,
t9t.laL

0057(:



4. The total opeLator-inspector difference D and the
235

associated uncertainties a~ for U and Utotal

content were determined and found statistically not

significant, i.e., no diversion of a significant

quantity of nuclear materi~l was detected.

8. DISCUSSION ANDRECOMMENDATIONS

The exercise was carried out successfully and found to be

very (Jseful for the participants. It helped to review proce-

dures and working papers by a group OF experienced inspectors

representing all three divisions OE operations. The following

observations and recommendations were made by the participants.

● It was felt that the exercise was successful and should

be repeated 2-3 times enabling wide participation of

inspectors who deal with verification of HEU materials.

. A review of the standard calibration mcnual I.ncludlng

procedures and working papers shall be encouraged

within the safeguard? department,

● The computer software for AWCCshall bu standardized,

* More precise balances shall be provided during the next

exercise, and procedures for weiqhing, in particular,

determination of tare weight, shall be prepared.

● Cc)mpuler software shal1 be developed to help process

31.r7t~!itiCAl dal,a analysis of the Etnal results,

O057C



● E[fort should be made to Lest and ev~luate the USI? of

HLNCC-l”(for measurement OE HEU-UF6 cylinders.

HLNCC-11 could be implcmerlLedas a “UF6 Rece~pt

Assay Monitor” type instrument for UF
6

cyllfiders,

● IL would be advisable to continue development on gamma-

ray techniques for measl]rement of MTR elements and

plat,es, usln~j Integrated so~tware into the portable

MtnL-MCA, Ilnlil il. Is a fully implemented and Eleld

usable inspecl.ion technique,

9 11 w~s tall t.halthe t?xcrcjse could be expanded to

include thn evaluation of I.ha material balance by

providing slrnulatcd data cm beginr,ing inventory and

inventory changes.

(J05”rc 15
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